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ESTIMATION OF CONTROL FORCES OF SPRING-TAB
ATIERONS FRCM WIND-TUNNEL DATA S
By Owen J. Deters

SUMMARY

A-method 1s presented for estimating the control forces of |
spring-tab allerons from nonlinear wind-tunnel data. The method
applies to the most general form of spring-teb system, the geared
spring tab. The two princinal errangements of the ailerons and
spring unit are considered. These arrangements are (1) an arrange-
ment wherein the ailerons are intercomnected and employ a ccntral
spring unit and (2) an arrangement with no intercommection between
the eilerons with individual preloaded spring units for each aileron.
Static wind-tunnel deta consisting of both alleron and teb hinge-moment
coefficlents arc required as well as the characteristics of the linkage
system. .

The effects of the rolling motion of the alrplane on the control
forces and wing-tip helix angles are accounted for by the procedure
given in NACA ARR No. LOF23. An empiricel corvection is employed to
account for the effects of yaw, yawing motion, and wing twist on the
wing-tlp helix angle of the alrplans. An example is given to illus-
trate briefly the computations involved in the method.

INTRODUCTION

The application of spring tabs to ailerons has the advantage of
reducing the difference between the control forces at high and low
speeds for a stated valus of wing-tlp helix angle. For ailleron con-
trols an initial hinge moment will usually exist at neutral alleron
deflection. These hinge moments result from the variation of the
aileron and teb hinge moments with angle of attack and may become
quite large at high angles of attack. When spring tabs sre employed
thig inltial hinge moment will tend to cause both ailerons to deflect
in the same direction (egeinst the spring unit) until the aileron
hinge moments are balanced by the moment contributed by the spring
unit and the tabs. Two principel arrangements of the aileron and
spring unit can be used to prevent the ailerons from deflecting
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2 NACA TN No. 1333

excesgively as a result of these hinge maments - (1) en arrangement
vherein the allerons ere intercomnected and employ a central syring
unit end (2) an arrangement wherein the ailerons are not inter-
commected and employ individuwal preloaded spring units forr each
alleron. In the first arrangement the intercomnection between the
allerons prevents them from deflecting in the same direction, whereas
in the second arrangement the preload of the spring units prevents
the alleron from deflecting excessively.

Existing methods Br estimeting control forces of spring-tab
controls (for example, reference 1) assume linear variabions of
elleron and teb hinge-moment coefficlents with control deflection,
tab deflection, and angle of attack. This assumption is generally
Justified for controls, the deflections of which do not exceed the
range of deflectlion Tor which the hinge-moment characteristics are
linear. For controls which require lerge deflections, such methods
are not applicable.

X The method presented herein was therefore developed for estimating
the control forces for spring-teb allerons from nonlinear wind-tunnel
data. The basic principles of the method, however, can be applied in
the estimetlion of the forces of other controls. The method includes
both arrengements of the aileron and spring unit. A brief discussion
of the changes in the method for a differentisl linkage is also
presented. An example is included to 1llustrate briefly the camputa~
tions involved in the method used when the ailerons are interconnected.

SYMBOLS
Ct, 1ift coefficlent
ey sectlon 11f%t coefficient
Cy rolling-moment coefficient
Chy, alleron hinge-momenﬁ coefficlent
Cht-- teb hinge-moment coeffic;ent . o _
a, © rate of chenge of section lift coefficieﬁt-with angle
o of attack (dcy JLEM
Cip rate of_ghange o; rolling-moggjt coefficient with
' wing-tip helix angle
' ' (B(p’b/EV)

-
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ph/2v wing-tip helix engle, radians

Co section angle of attack, degrees
o wing angle of attack, degrees
ACy increment in rolling-moment coefficlent due to deflection

of both aillerons

(Am)P increment of angle of attack due to rolling

By factor employed in evaluating (M)P

S control wheel deflection, degrees

S aileron deflection, positive when aileron is moved down,
degrees ' )

B¢ tab deflection, positive when tab is moved down, degrees

Sy aileron horn deflection, opposite in sign to alleron
deflection when both are deflected In same direction,
degrees

e total difference between horn and aileron deflections

(6' + AB) positive when producing & more positive
teb deflection

o (1 ")sa

AN )

Jatc] difference between alleron and horn deflectlons due to
deflectlon of spring unit, poslitive when producing
a2 more positive tab deflectlon

By alleron hinge moment, positive when tending to produce
a more positive aileron deflection, foot-pounds

He teb hinge moment, positive when tending to produce a
mare positive tab deflection, foot-pounds

Fop total force in link R (see fig. 1{a)), positive when
opposing deflection of allerons, pounds .

F conbrol force tangent to contiol wheel, pounds

Fop! total force in link Q, positive when opposing the

deflection of the allerons, pounds
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Fo force at end of aileron horn contributed by each tab,
positive when opposing deflection of ailerons, pounds

Fy force required to deflect spring, positive when opposing
deflection of allerons, pownds

s spring-unit constent, foot-pounds per degiree 4D

R linkage ratio (m/n)

v alrspeed, feetlper second

vy indiceted airspeed, miles per hour

P engular veloclty in réll, radlang per second

q dynemic pressure, poim.d.s per square oot

b wing span, feet

be ailleron span, feeb

by, tsb span, feet

Ty aileron root-mean-squere chord, feet

Cy teb root-mean-square chord, feet

py taper ratlo {ratio of tip chord to root chord)

r radius of control wheel

P spring unit preload, foot—-pou.ﬁds

1, my n dimensions of spring-tab system (see fig- 1)

Constants
_ 0:8
1 c, . .
iy
o = &y By
2= ob
2% O

Q
w
n
Q
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O}, = RqbyGy2

C ==1=..d_8£
> r &,

METHOD OF CALCULATION

Spring-tab control systems may be divided into two general
clagslifications, the ordinary or ungeared spring-tab system and
the geared spring-teb system. In the ordinary spring-tedb system
when the control wheel is deflected with the system under no load
the tab does not deflect, whereas in the geared spring-tab system
the teb deflects. The two principel configurations of eileron
spring tebs (allerons intercomnected end not interconnected) are
shown in figure 1. From this dlegram it is evident that the ordinary
epring-tab system is a special case of the geered spring-tedb system.
When the dimensions 7 and m (fig. 1) are equel the system has
no geering, when 1 >m the teb is geared in the conventional manner
and wvhen 7 <m the teb will lead the alleron.

Agsumptions
The basic assu:rip'bions involved in the mrocedures are as follows:
(1) The rolling motion of the airplene is steady

(2) The effects of ailsron and horn deflections on the linkages
are negliglible

(3) The effects of wing deflection and friction on the control
forces are negligible

Assumption (1) is Justified inasmuch as the effect of variations
Iin the rolling velocity on the aileron control forces are very small.
For assumption (2) the changes in the linkages for verious aileron
and horn deflections ere small and the resultant effect on the aileron
control forces has been neglected. The effect of friction noted in
assumption (3) is not negligible but no general procedure exists to
account for this effect, which depends upon the limkage arrangement
end condition of the control system involved. Similarly, no general
procedure exists to asccount for the effect of wing deflection,which
depends upon the rigidity of the wing involved.
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Effect of the Airplane Rolling Motion

In the calculation of both the control force and wing-tip hellx
angle from static wind-tunnel deta the steady rolling motion of the
alrplane must be consldered. The effect of rolling motion on the
rolling-moment end hinge-mcment characteristics 1s described in
references 2 and 3; however, the basic parameters which are requlred
to determine the effect of rollihg are presented hereiln with a brief
description of the procedure.

The rolling effect on the acrodynemic characteristics of the
alleron and tab results from the increase in angle of attack over
the downgolng wing snd the decreese In engle of attack over the
upgoing wing. The megnitude of the angle-of-attack change varies
approximately linearly over the wing semispan; however, the net
effect of the rolling motlion can be represented by a comstent
increment in angle of attack, which is obtained fram figure 2.

 The velue of the wing-tip helix emgle pb/2V  is determined
from the relationship

A'H

¥b _ pund 3
. p ’

The velue of the parameter Cz,P for verlous wing plan forms is

presented in figure 3. The constant 0.8 is employed in equation (1)
to esgtimate the value of pb/2V for the airplans. The constant 0.8
1z an empirical factor intended to account for the effect of yew and
yawing-motion abt low speeds and wing twist at high speeds and should
not be used in the determination of (M)P-

Case I - Allerons Interconnected,
Central Spring Unit

The arrangement of the alleron, tab, and spring unit are shown
in figure 1(a). It is evident from this figure that the deflection
of each alleron end conbtrol horn will be equel in magnibtude but
opposite in eign. The t8b deflections will not necessarily be equal
but will be determined es & function of © from the perticuler
arrangement of the alleron, horn, and teb. The exact relation between
8y and 6 has been worked out asnd for.very smell values of @ the
following equation closely approximates thils exact relatlon:

8, =R 6 (2)
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From figure 1{a) it is evident that
Fp = Fas, + Fag, * P (3)

and.

= 7
Foql. (F&-Ga + FaBa 1+ Ty (%)

The subscripts By end =55 refer herein to the posltively and
negatively deflected allerons. When the allerons ere ln squillibrium

A . = - =
kFa'ﬁa + Faaa)m Pyl = Hy - Hay (5)

Similerly, when the tabs are in equilibrium
(Fa_8a + Faaa)n = Bip, " Bog, (6)

Introducing eguation (6) imto equation (5) glves

. \
- - . B - .
Pyl = Bog, " Feg, " B G{tﬁa Bt -5 ) (1)

and

— - -2 - 8

X T_A?r iHa_aa Haﬁa n (Hbsa Ht"5a> ( )
From equation (8) the spring-unit constant which would be required
for equilibriwm of the system for given deflections of the aileron
and horn cen be dstermined. In the solution of equation (8) the
alleron and teb hinge moments are corrected for the effect of the
rolling motion and the velue of X applies to the particuler angle
of attack of the ailrplens as it enters the rolling msneuver. If
the values of K sare plotted against corresponding velues of lAel »
the horn and teb deflections at which the system will be in equili-
brivm can be determined for eany value of the spring-unit constent at
the various ailleron deflections.
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Combining equations {3) and (5) gives the expression for the
mement of the force Fp about the aileron hinge

Pom = Ha"ﬁa - Haﬁa + Fb(m - 1) (9)
or

Fim = Hy g~ Hag, * Klae’ (% - 1) (20)

The alleron control fcrce is then determined from the following .
equation: ‘

(=

(11)

|

P A5
o =y

&

4]

For values of A€ equal to zero, a positive value for the texrm
in brackets of equation (8) indicates that the alleron is underbalanced
and a negative value indicates that the aileron is overbalanced. When
the ailleron is overbalanced (@s could result from some form of additional
serodynemic balance) the conventicnal teb geering can be reversed
(causing the tab to lead the aileron) to corvect the overbalance. For
the tab-loading condition the ratic 1/m will be less then unity.
When any alleron overbalance is mot-corrected bty means of the tab
gearing, the value of K will be negetive for those alleron deflec~
tlons for which the aileron is overbalanced.

As the assumed velues of A8 sare increased the value of K
mey chenge sign. A change in sign from positive to negative indicates
that the aileron was inltially underbalanced (teb neutral) and has
become overbelanced ag a result of assumlng too large a velue far A8
at that aileron deflection under consideration. Conversely, a change
in sign from negative to positive indicates that the aileron was
initially overbalanced as a result of some additional aerodynemlc
balance (and not corrected by tab gearing) and has become under-
belanced as a result of agsuming too lerge a value for A8. TInasmuch
ag a spring~tedb syetem will not become overbalénced as a result of
excessive deflection of the spring, the conditions represented by
the change in the sign of 'K counld not occur. Therefore, when
the system ls initially underbalanced only positive values of XK
sre considered, and when the system 1s overbalanced (and not corrected
by tab gearings only negabtive values of X are considered.
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When a differential linkage is employed the alleron and horn
deflections will not be equal for a given deflection of the control
wheel and consequently the value of A9 will be dlfferent for each
aileron. The spring-unit. constent will then be defined in terms of
the value of A8 for one of the ailerons. In the determination of
the control force the mechanical advantage dOy /dSc will be different

for each elleron. Combining equations (3), (5), (8), end (11) in a
slightly different marmer gives an expresslon for the control force
for a system employing & differentiel linkage'

.-.lr_ nfn . '—]ﬂ ilmg s mfm. _51_5_1_1_)
oo 10 e (B2) 3| P 29,

Case IT - Allerons Not Interconnected,
Separate Spring Units

The arrengement of the aileron, tab, and spring unit are
shown in figure 1(b). In this arrangement only the aileron horn
deflections will be equal (essuming no differential linkage); the
aileron end teb deflections will not necesserlly be equal. As in
case I the tab deflections are determined frcm the particulear
errangement of the alleron and horn.

As previously noted, the spring unit must be mreloaded an
amount sufficlent to prevent the ailerons from deflecting excessively
in the same direction as & result of the initlal hinge moments of
the alleron and teb at Bg = 0. If it is not obJectioneble for
the allerons to float up slightly in same attltudes the amount
of preload mey be adjusted accordingly.

The equations for this configuration are similer ‘o those for
case I. Inasmuch as the action of each aileron is independent of
the other, the conditions for equilibrium must be determined for

each sileron individually. From figure 1(b) 1t is evident that
for each alleron .

Fp'! =Fy + Py (12)
and

Fp'l = Fal + Byl i -(13)
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When the alleron.is in equilibrium
Fgqn + Fpl = Hy (1k)
Similarly,ﬁhen the tgbs are in qquili’briu;n
Fgn = =Hb (15)
Introducing equation (15) into equation (14) gives

Fpl = Hy + I Hy (16)

1 ‘ m
K= Ha+r—13t) (27
Since the epring-unit constant will be egual for each alleron

n o
Hasa + 5 Htaa Ha-s + 3 Ht-ﬁ
=K = & 2 (18)
08 08,
Bg, -8,

Introducing the velus of the spring-unit preloed into equation (18)
m
H, +#H_=-P H, +E®H _ -P
5 . © by -3 ~8g,
a8 a N -
=K = ' (19)

Ae&a. Ae"'aa..

It should be noted that equation (19) mey be applied only when

’Ha ¥ % H‘tl for each alleron exceeds the magnitude of the spring-

unit preload P. If the preloed is not exceeded /A® wlll be zero
and the system will be .egulvaelent to one in which the spring-unit
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constant is infinite. The solution of eguation (19) (with the
exception of special cases) is accomplished by means of successive
aprroximetions. For & given value of &, the value of A9 is
assumed and the right and left sides of eguation (19) must be sgual
for equilibrium of the system. If the calculated value of K does
not equal the vealue corvesponding to the chosen spring, a sscond
assumption for the value of A8 1s made and the procedure ls repeated.

The control force is determined from the moment of the total
force Fp' about the aileron hinge. Combining equetions (12) and (1k)
glves

Fp'm = Hy + Fy(m - 15

or
FT'm=Ha+KAe(;% -'1) (20)

The control force ls then determined from the moment of the force FT’
for both aillerons in the same manner as that for case I.

When the spring-unlt preload 1s small the ailerons will deflect
- b0 an angle which is 'determined by the speed, the initial angle of
attack of the airplene, and the value of the spring-unlt constant.
The aileron angle is determined by equation (19) in which the value
of A8 will be equal to the aileron angle. The computation of the
control forces 1s accomplished in the manner previously described.

It should be noted thet the hinge mcment of the aileron on the
downgoing wing will decrease as the control whesl is deflected. If
the preload is -comparatively large (but nobt sufficient to prevent
the eilerons from deflecting), the megnitude of the term: [Ha + I':%'. H’GI

of egquation (19) may become less then the spring-unit preload; thus,
the teb deflection iz reduced to zero Ffor the aileron of the down-
going wing. When such a condition exists the value of A8 for

that aileron will be zero and its deflection willl be equal to the
horn deflection. Thus, 1t is possible to use a direct procedure
analogous to that for case I for those ailleron deflections when this
condition exists. o ) -

In order to %llustrate briefly the camputation procedure an
example is yreosented. The example illustrates the camputations for
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case I where the allerons are interconnscted. For case IL (no
interconnection between the ailerons) the computations are similar
and tebles can be arranged to facllitate the computations. The
wind~tunnel date were obtalned from tests of a partial span model,
of a bomber-type eairplanse..

Gocmetric Characterlstics and Conditions

of the Assumed Alrplane

The geometric characteristice of the eirplane and the data
required for the computations are as follows:

Wing span, b , feet . l * L] L] L] L] . . L ] 5 . L] L L] _l L] \J . L] . 230
Agpect ratio « ¢ v ¢ ¢« ¢ 6 4 v v s e s e e s e s e e e o« o0 oe . 111
Wing loading, pounds per squere foot P S T S 57
Taper ratio, X L] L L L] L . L] . . Ll - L] 'l L] L . e [ ] L] L . ¥ L] 0.25
Allerons:

GhOI’d, percent C o 6 o o o e ¢ o ¢ € 678 a8 e €8 o o s o 20

internsl sealed balance, percent Cg = o » s s o o s o o o 54
InbOBI‘d. end. Of &ilSI‘OIl, Percent b/2 . e v s * » . v e . 4 L] . 59

Outboard end of aileron, percent D/2 .« v + v v s 0 ¢ o 0 4 99
ba‘éae, cubic feet . : . l‘ L] . L] ) .. L] . [ ] L] L) . . . [ ] [ ] - L) . L] ” 352
-b-b-é'bg, Cubic feet L A “ v e 4 o« 9 . e . . . ¢ e 7- 8]_

a%; e & e 5 e e 2 e 5 3 ¥ e % s v & 8 8 e & 3 s e 2 e s v s 0-20
Control-wheel r&dius, I', feeb « ¢ ¢ ¢ ¢ v ¢ o o ¢ 0 e 0w e 0-583
R ¢ % e ¢ 8 4 e e 8 s e s 8 e & e v e B3 € & @ €'¢ A b & o ¢« » 2-5
Z/m LI N T T R S Y . B £ e a2 e v e & @ 2/3

Spring-unlt constant, X, foot-pounds per degree . 50

The wind-tunnel test resilts are usually obtained in the form
presented in Tigure 4. In order to account for the effect of the
rolling motion of the airplane, croge plots (fig- 5) are mads in
which the datae of figure I are plotbted ageinst angle of attack.
Cross plots are usually made for & or 5 aileron deflections.

The conditlions selected for the example are representative of
the landing configuration of the eirplane, with flaps deflected
and @ = 14.0°% Cp =1.9, V; =108, end q = 30. The constants
required for the computations of the wing-tip helix angle and the
correctlion to the angle of attack for the effect of rolling are
determined from figures 2 and 3 as follows:
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C1
B T

8o

) .

( - ke.5

B (B)

_EI%E

The value of &, was obtalned from two-dimensional tests to be 0.11h
end consequently

P _

These constante are cambined in severel arrangements, which are used
frequently in the computations, as follows:

Cy = 1.50
Cp = -67.9
3 = 10,560
0, = 586

~ Cs = 0.343

Computation Procedure

Teble I.- In teble I the first four columns are determined from
the relationship between By, 8', end A48. The values of A8 are

arbltrary. The ccmputetion procedure 1ls outlined as follows:

Columns (5) and (6): The value of each teb deflection will
depend upon the relationship between € and O and for this

example ls
8-b = 2. 58
Column (7): The totel increment in rolling-moment coef-

ficlent 1s determined frem figure 6 for each teb deflection ab
o = 14.0°. " The totel increment in rolling-mement coefficient is

ACz = 0158' - Cz_sa
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Coluwmn (8): The increment in angle of attack used to
sccount for the effect of rolling is obtalned by multiplying
colum (7) by constant Co. Inasmuch as the values of ACy

have not been corrected for the effect of rolling these
increments in angle of attack represent only a first approxl-
metion; however, since the values of (Am)P are calculated

to one decimel placo no error is introduced by employling only
a first approximetion.

Colums (9) and (10): The increment in angle of attack
is added to the wing angle of attack (14.0°) for the positive
aileron deflectionr?column 59)) and subtracted for the negabive

alleron defloction (column (10)).

Columns (11) and (12): The ailéron hinge-mcment coef-
flclents are obtailned at the propor angle of attack and tab
deflection fram figure 5. L o

Columns (13) and (14): The teb hinge-moment coefficients
are obtalned at the proper angle of attack and tab deflection
from figure 5. It should te noted that the same increment In
angle of atback 1s employed to account for the rolling effoct
on the tab hinge-moment coefficlents as that for the alleron
hinge-moment coefficients, bubt, since the magnitude of the
teb hinge moment 1s small compared to the alleron hinge mement,
any error introduced by employing the seme angle of attack for
the teb as that uged for the aileron would be negligible.

Columns (15) and (16): The aileron hinge moments are
obtailned by multiplying columns (11) and (lg§ (aileron hinge-
moment coefficients) by constant C3-

Columns (17) end (18): The effective teb hinge maments
are obtained by multiplying columns (13) and (1%) by constant

C)_'_'

Column (19): The hinge moment contributed by tho spring
unit 1ls obtained by ume of the relatlionship glven by equation (7) ’

H - K + . -

Column (20): The spring~unit constant 1s determined by
dividing the hinge moment contributed by the spring by the
megnitude of A®. Inesmuch as A8 has both a positive and a
negative sign (depending on the alleron defloction) only the
megnitude 1s considered. The value of the spring-unit constant
1ls that which would be required for equilibrium of the system
for that particular ailleron deflectlon and Ae.



NACA TN No. 1333 _ 15

A plot of the values of the spring-unlt constant for the various
values of A8 1is presented in figure 6. From this figure the vealue
of 46 required for equilibrium of the system (for the initial angle
of attack) can be determined for each aileron deflection et any value
of the spring constant. The control force is then determined by the
alleron hinge moment at sach equilibrium condition.

Table IT.- For a given value of the spring-unit constant the
oontrol forces and corresponding values of the wing-tip helix angle
are determined in teble II. The value of. tho spring-unit constent
for the example was chosen as 50 foot-pounds per degree. The
computations of the control force end wing-tip hellx angle are out-
lined accordlng to the coluwmms of the teble as follows:

Columns (1) to (6): The value of A8 abt which the system
will be in equilibrium for each aileron defloction is determined
from figure 6. From the velue of €' and A8 the value of 6
and the corresponding tab deflections are determined as in table I.

Column (T7): The total increment in rolling-moment coef-
ficient is determined as in column (7) of table I for the
particular t&b deflections.

Columns (8) to (10): The increment in angle of attack and
the angles of attack for each alleron deflection asre determined
in the seme manner &s in columns (8) to (10) of table I.

Column (11): The totel increment in rolling-mcment coef-
ficlent i1s determined at the proper angle of attack for the
positive and negative deflection of the aileron. If the vealues
of columns (7) and (11) are equal, the rolling motion of the
eirplane has no effect on the rolling-mcment coefficients. If,
however, the values of columns (7) and (11) are not equal a

. second approximstion must be made in which the value of
column (7) is teken as the preceding velus in column (11)
and the procedure repeated wntil the values of columns (7)
and (11) are egual. In general, two approximetions will be
sufficient. :

Column (12): The wing~tip helix angles sre obtalned by
multiplying the final velues of column (11) by the constant Cy.

Columns (13) and (14): The aileron hinge-moment coefficients
are determined et the corrected angles of attack (which determinod
the final value of rolling-moment coefficient) from figure 5.

Column (15): The net aileron hinge mament is obtained as
Ca(C ~C
3( h&_aa ha5a )
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“Column (16): In obteining the product K|ag| (1;— —1),
the spring unit constant for this example is 50 foot-pounds
per degree and the constant i;—l- -1 is8 0.5.

Colum (17): The control force i1s determined by milti<
plying the sum of columms (15) and (16) by Cs »

CONCLUDING REMARKS

A method 1is presented for estimating the contrel forces of
spring-tab allercns from wind-tunnel data. The method applies to
the most general form of spring-tab system, the geared spring tub.
The two principal arrangements of the ailleron and spring unit are
congidered and an example of the computation is presented. The
rolling effect on the control forces and rates of roll are
included in the computations and approximate corrections for tho
effect of yaw, yawing motion, and wing twist on the rates of roll
are made. '

Langley Memorial Aercnautical Laboratory
National Advisory Committes for Aeronautics
Langley Field, Ve., April 8, 1947
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Fig. 2 NACA TN No. 1333
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Figure 2.- Chart for determining the parameter used in the computation
of the change in angle of attack at the aileron (from reference 3).



NACA TN No. 1333 Fig. 3
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Figure 3.~ The variation of the damping coefficient in terms of the
slope of the section lift curve with aspect ratio for various values

of the taper ratio (from reference 2).
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NACA TN No. 1383 Fig. 5
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Figure 5.,- Aileron characteristics of the model used for the illustrative
example cross-plotted with angle of attack,



Fig. 6 NACA TN No. 1333
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Figure 6.- The variation of the spring-unit constant required for
equilibrium of the system with Ae for various aileron
deflections at an initial angle of attack of 140 of the model of
the illustrative example.



